I n heterogeneous grasslands, animals must choose what and when to graze among diff erent forages. When animals must search for preferred forage within an intimately mixed sward the animal's ability to eat its desired food can become constrained. Within this constraint, diet preference of an animal cannot be evaluated. However, this constraint can be minimized when forages are off ered as monocultures in adjacent areas (Parsons et al., 1994) . This technique has become a valuable tool to evaluate dietary choice of livestock. Studies using adjacent monocultures of a grass and a legume have consistently reported that sheep and cattle consume a mixed diet and have a partial preference for legume of 70 ±10% (Rutter, 2006) .
The number of forage species that have been evaluated as adjacent monocultures in grazing behavior experiments is limited. Perennial
Grazing Behavior and Diet Preference of Beef Steers Grazing Adjacent Monocultures of Tall
Fescue and Alfalfa: I. Spatial Allocation
Holly T. Boland, Guillermo Scaglia,* David R. Notter, Andrew J. Rook, William S. Swecker, Jr., Azenegashe O. Abaye, and John H. Fike
ABSTRACT
Adjacent forage monocultures are a valuable tool to study the diet preference of grazing animals. Previous research has suggested that cattle will exhibit a partial preference for a legume over a grass regardless of forage species. The objective of this study was to determine if beef steers have a partial preference for alfalfa (Medicago sativa L. subsp. sativa) over tall fescue (Festuca arundinacea Schreb.) . These forages have not been evaluated previously as adjacent monocultures. Behavior data recorders, global positioning system (GPS), and pedometers were used to evaluate grazing behavior and diet preference of beef steers grazing tall fescue monocultures or adjacent monocultures of tall fescue and alfalfa at proportions (by ground area) of 50:50, 25:75, and 75:25 . Steers exhibited a partial preference for alfalfa, grazing it for 61 to 65% of the time regardless of the proportion offered. A diurnal pattern of preference was not observed. Steers grazing tall fescue monocultures spent more time ruminating (p = 0.02) and tended to graze less time (p = 0.06) than steers in adjacent monoculture treatments. Time spent idling, number of prehensions and mastications, and bite rate were similar (p > 0.05) among treatments. Steers grazing tall fescue monocultures spent less time standing, more time lying, were less active, and took fewer steps (p ≤ 0.05) than steers in adjacent monoculture treatments. These results support the proposal that cattle have a partial preference for legumes over grasses.
ryegrass (Lolium perenne L.) and white clover (Trifolium repens L.) have been used in most studies as they are the predominant forages used in western Europe for intensive livestock production systems (Gibb, 2006 ). An additional legume, sulla (Hedysarum coronarium L.), has been evaluated and was shown to be partially preferred (74%) over annual ryegrass (Lolium multifl orum Lam.) by ewes (Rutter et al., 2005b) . Birdsfoot trefoil (Lotus corniculatus L.) and perennial ryegrass were evaluated as adjacent monocultures, and trefoil was partially preferred (70%) by dairy heifers (Torres-Rodriguez et al., 1997) . Rutter (2006) suggested that the observed partial preference for a legume over a grass is not unique to only these few forages species and that this preference would be observed regardless of forage species. Grazing behavior and diet preference of beef steers grazing adjacent monocultures of tall fescue and alfalfa has not been previously reported. The present experiment was designed to expand the number of forages species that have been evaluated in this manner and to evaluate forages that are commonly used for grazing livestock in the United States. Determination of diet preference for forages that have not been previously evaluated should be conducted such that there can be diff erentiation between active selection of animals and indiff erence (grazing at random). Parsons et al. (1994) concluded that to achieve this, multiple diff erent proportions of ground area of the two forages should be evaluated. For instance, if only a 50:50 proportion of tall fescue and alfalfa was evaluated and the animals selected a diet of 50% tall fescue and 50% alfalfa, it would not be possible to determine the basis of this result. It could be due to a preference for a diet composed of 50% grass and 50% legume or that the animal encountered that proportion while grazing at random. To eliminate this uncertainty, additional proportions such as 25:75 and 75:25 should be evaluated. Consumption of a diet of 50% grass and 50% legume by animals grazing in these additional treatment areas would indicate active selection. However, if the diet selected matched the proportion off ered, the animal would appear to be grazing at random. The objectives of the present experiment were threefold. The fi rst was to evaluate beef steers' pattern of preference for two forages that have not been previously studied as adjacent monocultures. The second was to determine if beef steers off ered adjacent monocultures of tall fescue and alfalfa in three diff erent area ratios were grazing randomly or actively selecting the forage that they grazed. The third was to compare grazing behavior of steers grazing tall fescue monocultures to those grazing adjacent monocultures of tall fescue and alfalfa in diff erent ground area proportions.
MATERIALS AND METHODS

Pasture Establishment and Management
This experiment was conducted at Virginia Tech's Kentland Farm (37°11' N, 80°35' W), Blacksburg, VA, in the Southern Appalachian Ridge and Valley Physiographic Province. Elevation of the site is approximately 540 m above sea level, with annual temperature ranging from −20°C in the winter to 33°C in the summer. Mean annual temperature is 10°C and average annual precipitation is 1500 mm. Soils at the site are Typic Hapludults, which are old, deep, well-drained soils with gently sloping to steeply sloped topography (25 to 65% slope). Depth to water table is generally greater than 2 m. Pastures were established in 2004. There were four pasture blocks each containing six 1.6-ha paddocks, of which three were tall fescue and three were alfalfa. A subset of those paddocks was used in the present experiment. All paddocks were sprayed with Roundup (9 L ha −1 glyphosate 41%; Monsanto, St. Louis, MO) in May to eliminate existing pasture species. Two weeks after spraying, foxtail millet [Setaria italica (L.) P. Beauv.; 34 kg ha −1 ] was planted as a suppression crop. In late July, the millet was harvested for hay and 2 wk later the paddocks were sprayed again with Roundup (2 L ha 
Treatments and Animal Management
The procedures used in this experiment were approved by the Virginia Tech Institutional Animal Care and Use Committee. A 4 × 4 Latin Square design was used to evaluate behavior of beef steers in four treatments that varied by ground area ratio of endophyte-free tall fescue to alfalfa over four experimental periods. Treatments were 25% tall fescue to 75% alfalfa (25F75A), 50% tall fescue to 50% alfalfa (50F50A), 75% tall fescue to 25% alfalfa (75F25A), and 100% tall fescue (100F) (control). Existing monoculture paddocks of tall fescue and alfalfa were subdivided with electrifi ed polytape to create the appropriate treatment ground area ratios. Paddock perimeters were made of electrifi ed three-strand high tensile smooth wire. Total ground area for each treatment during a period was 0.7 ha. Different paddocks with new growth were subdivided and used in each subsequent period. Each experimental period was 4 d as follows: Period 1, 25 to 28 July; Period 2, 2 to 5 August; Period 3, 17 to 20 August; and Period 4, 24 to 27 August.
Velcro strap on the left rear leg just above the metatarsophalangeal joint. These units measured animal activity eight times per second with an internal accelerometer. Percentage of time spent standing, active, and lying and numbers of steps taken by the steer were recorded. A steer was recorded as being "active" when the steer had leg movement. Data were downloaded from onboard memory to a personal computer and analyzed by IceTagAnalyser software (version 2.009; IceRobotics, 2006) .
Steers also wore IGER Behavior Data Recorders (Rutter et al., 1997) . This device consists of a halter-mounted data logger and jaw sensor. The jaw sensor was a carbon-packed tube serving as an electrical transducer converting movements of the jaw to electronic signals. The data from the sensor were recorded on a Compact Flash memory card in the data logger and analyzed by GRAZE software (version 0.801; Rutter, 2000) . Activities reported were time spent grazing, ruminating, and idling (defi ned as not grazing or ruminating), as well as number of prehensions. Grazing time was defi ned as time consuming forage with eating bouts joined when the interbout interval was less than 420 s. Ruminating time was defi ned as time performing ruminating mastications with these times joined when the interval was less than 20 s. Idling time was defi ned as intervals when the steer was not identifi ed as grazing or ruminating.
Data collected from the devices described above were combined and analyzed by matching the time stamps of the recorded data from the devices using the Excel (Microsoft, 2007) VLOOKUP function. For example, if the GPS data points collected from 0800:00 to 0830:59 h indicated that a steer was located in the alfalfa paddock and the behavior data recorder indicated that from 0800:00 to 0815:59 h the steer was grazing and from 0816:00 to 0830:59 h the steer was idling, the combined data will report the steer's location and behavior as 15 min grazing in alfalfa and 15 min idling in alfalfa for the respective times of day.
Data were categorized into intervals of morning and afternoon to determine the diurnal pattern of grazing during the experiment. Average sunrise occurred at 0632 h and sunset at 2016 h during the study. Cattle are crepuscular animals with peak grazing times occurring at dawn and dusk (Phillips, 1993) , which is around 30 min before sunrise and 30 min after sunset. To ensure that peak grazing times were included, the time of day (TOD) intervals were allocated with the morning interval being 0530 to 1329 h and the afternoon interval being 1330 to 2129 h. On Day 1 of each experimental period the afternoon interval was 1800 to 2129 h.
Forage Sampling and Analyses
Hand-plucked forage samples were taken for nutritive value analysis on the day before and the day after each experimental period. Samples were collected while walking along a cross section of the paddock and grabbing a sample every 10 steps from the top 7 to 10 cm of the sward. Separate samples from each paddock of each forage type were collected between 0730 and 0830 h in the morning and between 1700 and 1800 h in the afternoon. Forage samples were collected from both TOD intervals to determine diurnal changes in carbohydrate concentrations, which have been shown to infl uence diet selection (Ciavarella et al., 2000; Mayland et al., 2000b) . Samples were packed on ice directly after collection, placed in a freezer, and later freeze dried (25L Genesis SQ EL-85; VirTis, Gardiner, Twelve Angus-crossbred steers (initial body weight [BW] = 574 ±14 kg; 28 mo old) were used in the experiment. Steers had previous experience grazing tall fescue and alfalfa as adjacent monocultures and experience grazing in groups of three. Steers were allotted by initial BW to blocks with three steers per paddock and remained within their group throughout the experiment. Each group was then randomly allotted to a treatment for the Period 1 and then in subsequent periods was randomly allotted to one of the remaining treatments such that all groups were represented within each treatment. Steers grazed areas of 50F50A for 2 wk before the experiment and between experimental periods. Within a treatment area, paddocks of tall fescue and alfalfa were connected by a lane made of electrifi ed polytape through which the steers could move freely. Water troughs and mineral blocks with poloxalene as an antibloat agent (Bloat Guard Pressed Block; Sweetlix Livestock Supplement System, Mankato, MN) were located at the midpoint of the lane. Water troughs and mineral within 100F paddocks were located in one corner of the paddock. Steers were placed into treatment paddocks by this lane between 1700 and 1800 h on Day 1 of each period and remained within that paddock for the four day period.
Behavioral Sampling
Steers were fi tted with electronic devices for determination of various parameters of grazing behavior. The animals were trained to wear these devices before the experiment. Training began 2 wk before the experiment by fi tting a nonfunctional version of the device on each steer for a 4 h on fi rst day of training and increasing the length of time by 4 to 8 h each day until steers were acclimated. Training versions were of similar size and weight and fi tted to the same halter steers would wear during the trial. Behavior measurements from the fi rst 48 h of each experimental period were analyzed.
Each steer was fi tted with a global positioning system (GPS) tracking device (Foretrex 101; Garmin International Inc., Olathe, KS) placed inside a transparent waterproof box (Model 2000; Otterbox, Fort Collins, CO) attached to the crown piece of a nylon halter (Model C14077N; Nasco, Fort Atkinson, WI). The GPS devices recorded steer position every 30 s as a data point of latitude, longitude, and altitude along with the date and time that the position was recorded. Data points from the GPS devices were retrieved using GPS Utility software (version 4.54; GPS Utility Ltd., 2006). Maps of the experimental area were created by designating waypoints around the pasture perimeters with the GPS device. Water and mineral feeders were also identifi ed as additional waypoints. These waypoint data were downloaded from the GPS device to a computer where they were analyzed. Each area of tall fescue and alfalfa were identifi ed using ArcGIS software (version 9; ESRI, 2004) . The spatial join function of the software was used to merge the data points of animal location collected by each GPS device and the paddock maps (Hessle et al., 2008) . This created a data fi le in which each reading of the GPS device is individually identifi ed with the steer's location during the experimental periods. Each GPS data point was assigned a location of "tall fescue," "alfalfa," or "between." The designation "between" indicated time that steers were in the area between the forages where water and mineral blocks were located.
Each steer wore an animal activity monitor (IceTag version 2.004; IceRobotics, Midlothian, Scotland, UK) attached to a NY). Samples were then ground through a 1-mm screen using a Wiley mill and analyzed for chemical composition by nearinfrared spectroscopy (Foss NIRSystems 6500; Foss Tecator, Eden Prairie, MN; AOAC, 2000) at a commercial laboratory (DairyOne, Ithaca, NY). Tall fescue subsamples were further ground to 0.5 mm (Cyclotec 1093 Sample Mill; Foss Tecator, Eden Prairie, MN) and analyzed for alkaloid concentration by ELISA (Agrinostics Ltd. Co., Watkinsville, GA) to ensure they had the anticipated low alkaloid levels. Mean alkaloid concentration was 123 ng g −1 , below levels that have been shown to induce fescue toxicosis (Parish et al., 2003) .
Forage mass and sward height measurements were taken on the day before and the day after each experimental period. Six quadrants of 0.25 m 2 were selected from each adjacent monoculture of tall fescue and alfalfa (three in each forage type and six per treatment area) and six quadrants from the 100F paddocks to represent large, moderate, and small mass areas. Sixty measurements of sward height were taken with a ruler within each paddock to characterize sward conditions. Clippings were collected at 2.5 cm above ground level and forage was placed in cloth bags and dried in a forced draft oven at 60°C for 48 h to determine dry matter (DM) (%) and forage mass. All forage mass samples were separated into leaf, stem, or dead material, and each part weighed to give proportion of each component of the plant in the sward.
Statistical Analyses
Data were analyzed using SAS (version 9.1.3; SAS, 2004). The experimental unit for all analyses was the paddock of three steers (Rook and Penning, 1991) . Behavior recorder output and GPS output were combined to obtain the proportion of time spent grazing in alfalfa and tall fescue (time spent grazing alfalfa or tall fescue as a percentage of total time spent grazing). Angular transformation of proportions was conducted to stabilize variance (Parsons et al., 1994) . The angular transformed percentage of total grazing time on alfalfa was used to determine preference for that forage. The TTEST procedure was used to determine if the proportion of time spent grazing alfalfa was signifi cantly diff erent from the proportion of ground area of that forage they were off ered. Ruminating and idling time spent on alfalfa were also analyzed to determine if the proportion of forage off ered impacted where the steers conducted nongrazing activities. Additional t tests were conducted to determine if any preference for alfalfa that was observed was absolute or partial by testing for signifi cant diff erence from 0 or 100% (Parsons et al., 1994; Rutter et al., 2004a, b) . Diurnal pattern of preference was analyzed using the MIXED procedure with the model including fi xed eff ects of treatment, TOD interval (morning or afternoon), day, and the three-way interaction of these variables.
The repeated measure was day for all behavior data variables and was analyzed using the MIXED procedure and the compound symmetry (cs) covariance structure. The model for overall behavior recorder output (grazing, ruminating, idling, number of prehensions and mastications, and bite rate) and pedometer recorder data (standing, lying, activity, and number of steps) included treatment, day, and treatment × day interaction. A contrast was used to evaluate diff erences between the control treatment (100F) and adjacent monoculture treatments (25F75A, 50F50A, and 75F25A).
Forage nutritive value and sward measurement data were analyzed using the MIXED procedure. The model for each forage type included treatment, sampling date (pre-or postgrazing), and their interaction. Alfalfa and tall fescue nutritive value was compared using forage type, sampling phase (pre-or postgrazing), and their interaction in the model. The model for nutritive value parameters that have diurnal changes (i.e., carbohydrates) included forage type and sampling TOD (morning or afternoon) as main eff ects and main eff ect interactions. The repeated measure was experimental period and the experimental unit was the paddock within experimental period. Paddock (within experimental period) was considered a random eff ect.
Least squares means are reported for all variables with means separated by Tukey's adjustment. A signifi cance level of α ≤ 0.05 was set for all analyses with trends defi ned as 0.10 ≥ α> 0.05.
RESULTS AND DISCUSSION
Forage and Sward Measurements
There was no eff ect of treatment (p ≥ 0.58) or treatment × sampling phase interaction (p ≥ 0.31) for neutral detergent fi ber (NDF), acid detergent fi ber (ADF), or lignin concentration of alfalfa. Similarly, for tall fescue no eff ect of treatment (p ≥ 0.45) or treatment × sampling phase interaction (p ≥ 0.31) for NDF or lignin concentration was observed. However, ADF concentration of tall fescue in 25F75A (313 g kg ). The concentration of NDF, ADF, and lignin increased (Table 1 ) from the pre-to postgrazing sampling phase in alfalfa (p ≤ 0.01) and NDF increased in tall fescue (p = 0.03). There was no eff ect of treatment (p = 0.49 and 0.27), sampling phase (p = 0.27 and 0.17), or treatment × sampling phase interaction (p = 0.69 and 0.80) for crude protein (CP) concentration of alfalfa and tall fescue, respectively. The lack of diff erences indicated that, regardless of the proportion of tall fescue or alfalfa off ered, the nutritive value of each forage was similar among treatments.
Alfalfa usually has superior nutritive value to tall fescue and this was observed when data were analyzed with forage type in the model (Table 1) . There was an eff ect of forage and sampling phase (p ≤ 0.0001) for NDF, ADF, and lignin concentrations. A forage × sampling phase interaction was observed in ADF (p = 0.006) and tended to occur for NDF (p = 0.08) but not in lignin (p = 0.18). As expected, alfalfa had less NDF and ADF and more lignin than tall fescue. Both forages generally decreased in nutritive value from pre-to postgrazing. Alfalfa was more heavily grazed than fescue as indicated by the greater decrease in herbage mass from the pre-to postgrazing measurements (Table 2) , which may be why ADF and lignin also increased. Crude protein diff ered between forage type (p < 0.0001) but only tended (p = 0.09) to diff er by sampling phase.
There was no diff erence between treatments for overall herbage mass (Table 2 ) of tall fescue (p = 0.97) and alfalfa (p = 0.53). There were sampling phase diff erences for both forages (p < 0.0001 and p = 0.02 for alfalfa and tall fescue, respectively) as would be expected with postgrazing mass being less than pregrazing. No treatment × sampling phase interactions were observed for alfalfa (p = 0.14) and tall fescue (p = 0.16). Percent live (green) and dead mass are also reported in Table 2 to further characterize the sward.
Diet Preference
Steers showed a partial preference for alfalfa in all adjacent monoculture treatments (Table 3) . Steers grazing in the 25F75A treatment spent 64.8% of their total grazing time on alfalfa. This time proportion diff ered (p = 0.01) from the proportion of 75% alfalfa off ered to them, was more (p = 0.001) than 0%, and was less (p = 0.001) than 100%. Steers grazing in the 50F50A treatment spent 61.1% of their total grazing time on alfalfa, which was not diff erent (p = 0.56) from the proportion of 50% alfalfa off ered to them, was more (p = 0.0002) than 0%, and was less (p = 0.0002) than 100%. Steers grazing in the 75F25A treatment spent 60.6% of their total grazing time on alfalfa, which was diff erent (p = 0.003) from the proportion of 25% alfalfa off ered to them, was more (p = 0.0004) than 0%, and was less (p = 0.001) than 100%. In all three adjacent monoculture treatments, the proportion of grazing time in alfalfa was diff erent from both 0 and 100%, indicating that their grazing preference was partial and not absolute. These results support the existence of a partial preference for legume regardless of the forage species.
Rutter (2006) summarized data from adjacent monoculture studies evaluating 50:50 adjacent monocultures. Partial preference for legumes was reported for sheep ranging between 60 and 91.8% and for cattle ranging between 60 and 78%. From those studies, beef heifers (Rutter et al., 2005a) were most comparable to the steers used in the present study and had a 60% preference for legume.
Diurnal Pattern of Preference
No diff erence between treatments (p = 0.29), TOD interval (morning vs. afternoon; p = 0.29), or days (p = 0.17) in the proportion of total grazing time spent grazing alfalfa was observed. Mean percentage of total grazing time spent grazing on alfalfa in the morning interval was 62.3% compared with 71.9% in the afternoon. This diff ers from previous research that has observed a diurnal pattern of preference in both cattle and sheep with a decreasing preference for legume from morning to afternoon (Parsons et al., 1994; Rutter et al., 2004a, b) . Diurnal pattern was less pronounced in dry (nonpregnant) heifers (Rutter et al., 2004a) , which were most similar among previous studies to the present cattle in terms of stage of growth (although diff erent gender). Steers in the present study were maintained on adjacent monoculture paddocks of tall fescue and alfalfa before the start of the study and thus the results are not likely due to previous diet, which has previously been shown to infl uence diet selection (Parsons et al., 1994) . Harvey et al. (2000) observed that the diurnal change in diet selection of sheep was not due to decrease in the proportion of clover grazed (which was relatively constant over the day) but was due to an increase in the proportion of grazing time on ryegrass. Similar to alfalfa, no diff erence between treatments (p = 0.27), TOD interval (morning vs. afternoon; p = 0.57), or days (p = 0.22) in the proportion of time spent grazing tall fescue was observed. Mean percentage of time grazing fescue in the morning interval was 28.2% compared with 23.3% in the afternoon. Previously observed increases in preference for grass in the afternoon have been attributed to a greater level of crude fi ber in grasses compared to legumes (Rutter, 2006) . Grazing fi ber-rich forages with slow passage rates in the afternoon helps maintain gut fi ll and decrease the need to graze at night (Rutter, 2006) when animals would be more at risk to predation . However, that does not explain results shown here because tall fescue was not the preferred forage in the afternoon and had greater NDF and ADF concentrations than alfalfa (Table 1) .
Diurnal patterns of preference in animals have also been attributed to changes in forage carbohydrate concentration over the day. Fisher et al. (1999) reported that tall fescue hay cut in the afternoon was greater in total nonstructural carbohydrates (TNC) and was preferred over hay cut in the morning (815 vs. 621, 773 vs. 671, and 1182 vs. 933 g kg −1 DM, respectively). Similarly, alfalfa hay cut in the afternoon was greater in TNC and was preferred over morning cut hay (Fisher et al., 2002) . Ciavarella et al. (2000) reported that sheep grazing shaded and unshaded areas of canarygrass (Phalaris aquatica L.) selected 2.6 times more forage in the unshaded area and that forages from this area were greater in both water-soluble carbohydrates (WSC) and starch. They could not determine if any specifi c individual component of WSC was responsible for preference. Water-soluble carbohydrates did not diff er (p > 0.23) between forages during the morning or during the afternoon in the present study (Table  4) and thus would not have been a factor infl uencing preference in this case. Nonfi ber carbohydrate (NFC) and starch concentrations in the present study were greater (p < 0.0001) in alfalfa than tall fescue at both the morning and afternoon sampling time (Table 4) . Simple sugars, starch, fructans, soluble fi ber, and organic acids comprise NFC, while TNC does not include organic acids or soluble fi bers such as pectins (Hall, 2007) . Mayland et al. (2000a) reported that organic acid concentration was not related to diet preference of cattle among eight tall fescue cultivars.
One theory of why domestic ruminants choose a mixed diet is that they are maintaining a balance of C and N, which are needed for energy and microbial protein synthesis (Rutter, 2006) . Synthesis of microbial protein from rumen degradable protein (RDP) is critical to ruminants and RDP concentration in feeds or forages may infl uence diet selection (Kyriazakis et al., 1999) . Dairy cows have been shown to select diets to maintain level of RDP rather than metabolizable protein (Tolkamp et al., 1998) . Bacterial effi ciency (grams of bacterial N per kilogram of DM digested) in continuous cultures increases as TNC:RDP ratio decreases, with maximum fermentation (bacterial effi ciency, nutrient digestion, and total volatile fatty acids production) reached when TNC was ≥37% . Hoover and Stokes (1991) suggested that RDP may need to be as high as 15% of DM for optimal microbial growth. Alfalfa in the present study was 18.4% RDP and tall fescue was 9.5% RDP. If intake rates did not diff er between forages, the steers in this study would have had 15% RDP in a diet of 62% alfalfa.
Ruminant diets high in soluble fi ber have also been shown to improve N utilization effi ciency when total digestible nutrients (TDN):CP is less than 5 (Mount et al., 2001) . Ratio of TDN:CP in the present study was 2.5 for alfalfa and 4.2 for tall fescue. Soluble fi ber may be three times greater in alfalfa than in tall fescue (Elizalde et al., 1999) and can lead to greater effi ciency of utilization of metabolizable energy (Tyrrell et al., 1992) . Experiments evaluating the various forms of C and N discussed here have mostly been conducted using continuous culture or housed animals being fed concentrates or silage. Future research on this topic under grazing conditions needs to occur to determine factors that infl uence diet selection.
In the present study, steers were introduced to their treatment paddocks in the afternoon at which point data collection began, whereas in previous studies the fi rst reported observation were in the morning hours (Parsons et al. [1994] at 1000 h, Harvey et al. [2000] 0930 h). The timing of herbage allocation to cattle has been shown to infl uence grazing behavior primarily by altering time of day at which major grazing events occur (Gregorini et al., 2008) . The eff ect of time of day of new allocations of pasture on diet selection in adjacent monocultures systems has not been reported. Such research would be benefi cial to determine if there is an infl uence on the diurnal patterns of preference in adjacent monocultures if new forage is off ered at morning, midday, or afternoon.
Grazing, Ruminating, and Idling Behavior
Behavior data collected from the behavior data recorders are reported in Table 5 . There was no eff ect of day (p = 0.31), treatment (p = 0.22), or a treatment × day interaction observed (p = 0.67) for the overall daily amount of time spent grazing. However, steers grazing the 100F paddocks had a tendency to graze less time (p = 0.06 and 2 h d −1 less) than steers in the adjacent monoculture treatments. This diff erence is not surprising due to the greater fi ber concentration of tall fescue (Table 1) . Similarly, Seman et al. (1999) reported that Angus steers grazing tall fescue monocultures grazed 1.4 h d −1 less than steers grazing binary mixtures of tall fescue and alfalfa, which had less NDF. Marotti (2004) evaluated grazing behavior of lactating dairy cattle on white clover or ryegrass monocultures, a binary mixture of the two, or the two forages as 50:50 adjacent monocultures. During daytime observations, cows in the ryegrass monoculture spent the greatest amount of time grazing (496 min d ) treatments were intermediate. Here again, cattle spent more time grazing in grass alone than in adjacent monocultures of grass and legume. Time spent idling was not aff ected by day (p = 0.23), treatment (p = 0.38), or treatment × day interaction (p = 0.64).
An eff ect of day (p = 0.0003) was observed for daily time spent ruminating. Steers spent less time ruminating on Day 1 (412 min) than Day 2 (524 min), which may be the result of being moved from an area they had been grazing between experimental periods to the new experimental paddock with regrowth on Day 1. Ruminating time has been shown to increase over time in grass paddocks as leaves are removed from the sward and the proportion of less desirable, more fi brous material increases in the sward . Increased fi ber concentration from pre-to postgrazing for both tall fescue and alfalfa (Table 1) indicates that sward conditions likely promoted the observed increase in ruminating time from Day 1 to 2.
A treatment eff ect (p = 0.01) was detected for daily time spent ruminating (Table 5) . Steers in the 25F75A treatment spent less time ruminating than steers grazing 100F or the 50F50A treatment, which can be attributed to the 25F75A steers spending less time (p = 0.02) ruminating on Day 1 (318 min). Seman et al. (1999) reported that over time, steers grazing binary mixtures of tall fescue and alfalfa had increasing levels of NDF in their diet as quality of the sward declined during the study. In that study the percentage of alfalfa leaf consumed by steers decreased from 70 to 50% after 5 d of grazing, which led to an increase in ruminating time on subsequent days. Steers grazing 100F spent more time (p = 0.02) ruminating than steers on the adjacent monoculture treatments (Table 5) . These results are similar to previous data for lactating cows that spent 546 min d −1 ruminating on a ryegrass monoculture but only 412 min d −1 ruminating on adjacent monocultures of clover and ryegrass (Marotti, 2004) . Greater ruminating time was attributed to greater NDF and ADF in ryegrass compared with clover. No interaction of treatment × day was observed (p = 0.22) for time spent ruminating.
No eff ect of day (p = 0.48), treatment (p = 0.41), or treatment × day interaction (p = 0.98) was observed in the number of prehensions per day. There tended to be an eff ect of Marotti (2004) reported that cows grazing white clover or adjacent monocultures of ryegrass and white clover had around 8000 fewer mastications per day compared with those grazing ryegrass monocultures or a mixed sward of 20% white clover. Legumes generally require less mastication than grasses due to their lesser NDF concentrations (John et al., 1988; Malbert and Baumont, 1989) . In the present study, the tall sward height and stemmy nature of the alfalfa may have lead to a greater number of mastications needed to consume that forage and may be an explanation for why no treatment eff ect on mastication rate was observed. Rumination has also been shown to increase as leaf:stem ratio decreases . A day eff ect trend for bite rate (p = 0.06) was detected, with a greater rate on Day 2 (63 bites min ). As sward height and herbage mass decline, an increase in biting rate and time spent grazing usually occurs (Hodgson, 1985; Jamieson and Hodgson, 1979) . While not statistically diff erent (p = 0.4), steers in the 75F25A treatment had 11% greater bite rate and 19% more prehensions and averaged 45 min d −1 more time grazing compared with the those in other adjacent monoculture treatments. The greater decrease in herbage mass between pre-and postgrazing measurements of alfalfa in the 75F25A treatment paddocks as compared with other tall fescue:alfalfa treatments (Table 2 ) may explain this numerical diff erence in grazing behavior. The diff erence in these sward characteristics is likely due to a more rapid decrease in herbage mass of alfalfa in the 75F25A treatment paddocks because there was a smaller proportion of that forage available to the steers, even though it was the preferred forage. Cattle take more and smaller bites when the amount of leaf mass present declines (Chacon and Stobbs, 1976) . Steers in the 75F25A treatment also took from 3 to 15% more steps per day (Table 6 ). An increasing number of steps taken by steers has been correlated with decreases in herbage mass (Boland et al., 2007) . Sheep have been reported to do more work (increased grazing time) to maintain the preferred proportion of white clover in their diet despite a greater decrease in herbage mass of white clover compared to ryegrass in an adjacent monoculture pasture (Rook et al., 2002) . Sheep have also been shown to spend more time walking in search of alfalfa when moved to paddocks that contained a small percentage of that forage in a mixed sward .
Land Use of Steers for Nongrazing Activities
Analyses were also conducted to evaluate land use of the steers when they were not grazing to determine if the time devoted to an activity in a particular area diff ers as the proportion of forages off ered changes. The proportion of time spent ruminating and idling in the alfalfa swards are presented in Tables 7 and 8 , respectively. Steers grazing in the 50F50A and 75F25A treatment spent their time ruminating in alfalfa at similar proportions (p = 0.24 and 0.20, respectively) to the proportion of that area off ered to them. Steers grazing in the 25F75A treatment ruminated in alfalfa at a proportion of time less than (p = 0.006) the proportion of area off ered. In all three adjacent monoculture treatments the proportion of ruminating time in alfalfa was diff erent than 0 and 100%, showing that steers did not have an absolute preference of ruminating location. Results seem to indicate that there was no clear preference exhibited for where they spent time ruminating. Their location while ruminating was most likely a random occurrence that was somewhat infl uenced by the proportion of each forage they were off ered.
Steers grazing in the 50F50A and 75F25A treatment spent their time idling in alfalfa at similar proportions (p = 0.51 and 0.73, respectively) to the proportion of that area off ered to them (Table 8) . Steers grazing in the 25F75A treatment spent less (p = 0.05) time idling in alfalfa compared to the proportion of area off ered. The proportion of time spent idling in alfalfa in all three adjacent monoculture treatments was diff erent than 0 and 100%, indicating that there was no absolute preference of idling location. An eff ect of the proportion of clover off ered on where the animals spent their time idling was reported in an experiment evaluating ewes grazing adjacent monocultures containing 20, 50, or 80% white clover, with the remaining proportion in ryegrass (Parsons et al., 1994) . In that study the ewes spent less of their time idling on clover when less clover was off ered.
Pedometer Data
There was an eff ect of day (p < 0.0001) on the proportion of the day spent standing, lying, or active. On Day 1, steers were more active (5.6 vs. 4.4% d ) than on Day 2. Stuth et al. (1987) reported that grazing is most intense on the fi rst days after being rotated into a new paddock compared with the following days. The number of steps per day in the present study, however, was not aff ected by day (Day 1 = 2549 and Day 2 = 2601; p = 0.61).
Treatment means for behavior data collected from the pedometers are reported in Table 6 . The proportion of the day spent standing (p = 0.21) or lying (p = 0.15) was not diff erent among the forage treatments and no treatment × day interactions were observed for either activity (p = 0.33 and 0.49, standing and lying, respectively). However, contrasts among treatments indicated that steers in 100F spent less time standing (p = 0.05) and more time lying (p = 0.03) than steers in the adjacent monoculture treatments. Ruminants commonly synchronize time spent lying with rumination (Peterson and Woolfolk, 1955; Rushen et al., 2007) . Champion et al. (2004) reported that ewes grazing only ryegrass had more lying bouts due to the need to ruminate more frequently than ewe grazing adjacent monocultures of ryegrass and white clover. Similarly, in the present study steers grazing 100F spent more time lying and ruminating.
An eff ect of treatment (p = 0.05) on the activity level of the steers was detected. Steers grazing in the 100F treatment were less (p = 0.05) active than steers in the 75F25A treatment and tended (p = 0.10) to be less active than those in the 50F50A treatment. The contrast of treatments also shows that steers in 100F spent less time active (p = 0.01) than those in adjacent monoculture treatments. This difference in time spent active was likely a result of 10% more time spent lying by the 100F steers. No treatment × day interaction for activity level was observed (p = 0.89). There was no eff ect of treatment (p = 0.13) for the number of steps per day. Contrast of treatments indicated steers in 100F took fewer steps (p = 0.03) than those in adjacent monoculture treatments, which was probably due to the lesser proportion of the day that steers grazing 100F spent active. Champion et al. (2004) reported that sheep grazing adjacent monocultures of ryegrass and white clover walked further and faster than sheep grazing mixed swards, grass monoculture, or white clover monoculture. Having the forages as separate monocultures should have decreased time needed to search for preferred forage. However, the net benefi t was reduced because the extra time spent walking between the monocultures led to an increase in energy costs. This may be overcome by planting the grass and white clover in strips of a width suffi cient enough to allow for easy selection without the need to walk further . Rutter et al. (2005a) examined diet preference of yearling beef heifers grazing three strip-width treatments (108, 36, and 12 cm) and a mixed sward of ryegrass and white clover. The critical scale that allowed heifers to still be able to select their desired proportion of white clover was between 36 and 12 cm (Rutter et al., 2005a) . Additional research 100F, 100% tall fescue; 25F75A, 25% tall fescue to 75% alfalfa; 50F50A, 50% tall fescue to 50% alfalfa; 75F25A, 75% tall fescue to 25% alfalfa. ‡ Within columns, means followed by the same letters are not different at p < 0.05. with alfalfa and tall fescue evaluating diff erent strip widths would be benefi cial to determine possible planting regimes for producers. Planting in strips of adequate width would allow animals to select their preferred diet without constraint while the proximity of alfalfa to tall fescue would provide additional nitrogen to the grass.
CONCLUSIONS
Results from this study indicate that beef steers do not graze at random and have a partial preference for alfalfa of 62.2% when given a choice of grazing alfalfa or tall fescue as adjacent monocultures. Forage nutritive value and sward characteristics infl uenced grazing behavior and led to diff erences between tall fescue monoculture and adjacent monoculture treatments. The research presented here expands our knowledge of diet selection of a pair of forages that have not been evaluated previously as adjacent monocultures and seems to add credence to the theory that a partial preference for legume over grass will occur regardless of the forage species. Future research with these forages to address the underlying reasons for cattle to exhibit a partial preference for legumes is needed, specifi cally addressing if animals are selecting a diet to maintain a particular balance of C to N and if the reason(s) for this partial preference changes depending on forage species being grazed. Additional research on the optimal spatial or temporal allocation of alfalfa and tall fescue would be benefi cial for producers wishing to introduce high quality legumes into grazing systems with tall fescue.
